Extracellular polysaccharide (EPS) and capsular polysaccharide (CPS) production by Aeromonas sabnonicida A450 and the influence of the capsule on cell surface properties were studied. A. salmonicida did not produce CPS or EPS when glucose, phosphate, magnesium chloride, or trace mineral components were absent from the medium. The addition of yeast extract improved capsule production. Neither EPS nor CPS formation depended on the C/N ratio, although it appeared to be influenced by the level of carbon and nitrogen in the culture. Both EPS and CPS production started at the end of the logarithmic growth phase. The amounts of EPS and CPS produced were not influenced by temperature changes between 15 and 20°C and was maximal from pH 7 to 7.5. Cell surface properties were strongly influenced by capsule production; high CPS production was associated with enhanced cell hydrophilicity and autoagglutination. The effect of CPS on cell surface properties was independent of the presence of the surface protein array (A-layer).
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Aeromonas salmonicida causes fish furunculosis, an infectious disease principally of salmonid fish (16, 17) . Virulent strains produce a surface protein array (A-layer) (9) , which is crucial to the virulence of this organism (6) and has been found to be associated with an increase in cell surface hydrophobicity (25) .
Interactions between bacteria and their environment, including pathogenic phenomena, normally involve specific interactions between macromolecules found on bacterial and host cell surfaces (19) . The macromolecular components of bacterial surfaces, e.g., lipopolysaccharide (LPS), protein, and exopolymers, have been shown to vary in quantity and composition with growth conditions (3) . Changes in cell wall or polymer composition have a strong influence on the physicochemical properties of the cell surface, e.g., via differences in hydrophobicity (13) . Recently, Garrote et al. (5) have demonstrated the production by A. salmonicida of completely cell-detached extracellular polysaccharide (EPS) and cell-bound capsular polysaccharide (CPS). Since capsular polysaccharide is found on the bacterial surface, we proposed to assess the influence of this CPS on A. salmonicida cell surface properties. The aim of our work was also to study the effects of growth medium composition and environmental conditions on the formation of exopolysaccharides (sum of EPS and CPS) byA. salmonicida.
MATERIALS AND METHODS
Organisms. A. salmonicida strains used in this study were A450, which has an A-layer (A') and LPS 0 antigen (O+), and its attenuated derivatives A450-3, which has an A-layer (A') but lacks LPS 0 antigen (O-), and A450-1, which lacks an A-layer (A-) and LPS 0 antigen (O-) (9) . Cultures were maintained as previously described (5) .
Serological and microscopic analysis. The presence or absence of an A-layer, LPS 0 antigen, and capsule was demonstrated as previously described (5 Media and culture conditions. Bacteria were usually cultured on Trypticase soy agar slants at 20°C for 48 h. For exopolysaccharide production, Trypticase soy broth, brain heart infusion broth, and the previously described (5) yeast extract-peptone-glucose-mineral salts (YPGS) medium were used. YPGS medium was composed of (per liter of distilled water) glucose, 20 g; peptone, 10 g; yeast extract, 5 g; KH2PO4, 0.25 g; MgCl2, 0.01 g; and mineral salts solution, 6 ml. Mineral salts solution contained (per liter of distilled water) CaCl2. 2H20, 0.1 g; MnSO4. 7H20, 0.075 g; and FeSO4. 7H20, 0.4 g. The pH of each medium was adjusted to 7 with 0.1 N NaOH before sterilization at 120°C for 20 min. The composition of this medium was varied to study the influence of the individual medium components on exopolysaccharide production by strain A450.
For inocula, cells harvested from 48-h cultures in YPGS medium without glucose were washed and resuspended in physiological saline (0.85% sodium chloride). In all cases, 250 ml of each modified YPGS medium assayed in 500-ml flasks was inoculated to give an initial viable count of 106 CFU/ml. The the addition of 3 volumes of ethanol, and the CPS was purified as described previously (5) . Polysaccharides were quantified by the phenol-sulfuric acid procedure (2) with D-glucose as the standard.
Characterization of autoagglutination phenotypes. Strains were evaluated for their ability to autoagglutinate in optimized YPGS medium. Evidence of self-pelleting (SP) and precipitation after boiling (PAB) were tested as described by Janda et al. (7) . The relative degree of precipitation (RDP) was calculated by measuring the turbidity of each culture (A540) in a spectrophotometer and applying the formula RDP A540(untreated) -A540(heated).
Surface hydrophobicity characterization. Encapsulated and unencapsulated strains were generated by growing cells in the optimized YPGS medium with and without glucose, respectively. CPS-positive and CPS-negative strains were evaluated for their relative cell surface hydrophobicity. For salt aggregation test studies, the concentration of (NH4)2SO4 required to cause aggregation of bacterial cells was determined by the procedure of Rozgonyi et al. (15) .
For hydrophobic interaction chromatography, the ability of bacteria to adsorb to octyl-Sepharose CL-4B (Pharmacia Fine Chemicals AB, Uppsala, Sweden) was determined by the procedure of Smyth et al. (20) . The turbidity (A520) of the eluate was compared with that of an appropriately diluted volume of the bacterial suspension added to the column.
For bacterial adherence to hydrocarbons, a modification of the method of Rosenberg and Kjelleberg (14) was used with cyclohexane, xylene (8) , and n-octane (4) Effects of glucose concentration. Strains were grown in YPGS medium containing 0 to 20 g of glucose per liter, 2 g of yeast extract per liter, and 9 g of peptone per liter. YPGS without glucose supported good growth, but the cells did not produce exopolysaccharides (neither CPS nor EPS) ( Table  3) . Yields of bacteria and polysaccharides rose with increasing glucose concentrations up to 15 g of glucose per liter but did not increase above this concentration. Subsequent experiments were carried out at a glucose concentration of 15 g/liter.
Influence of potassium phosphate concentration. To evaluate the influence of phosphate concentration, YPGS containing 2 g of yeast extract per liter, 9 g of peptone per liter, and 15 g of glucose per liter was supplemented with 0 to 1 g of KH2PO4 per liter. After 72 h of incubation, the biomass concentration had not changed significantly (Fig. 1A) Effect of culture conditions on total exopolysaccharide pro-
duction. An optimized YPGS39 medium was defined as follows (per liter of distilled water): glucose, 15 g; peptone, 9 g; yeast extract, 2 g; KH2PO4, 0.25 g; MgCl2, 0.01 g; and mineral salts solution, 4 ml. The influence of pH and temperature on polysaccharide production was studied by using this medium. The final biomass in YPGS39 medium did not change significantly between 10 and 30°C, but the CPS and EPS yields were optimal between 15 and 20°C ( Fig. 2A ). An optimum initial pH range for exopolysaccharide (CPS plus EPS) production was found between pH 7 and 7.5 ( strain A450. To study the synthesis of CPS and EPS as a function of the growth phase, we grew A. salmonicida in YPGS39 at 20°C and initial )H 7. The growth rate of A. salmonicida A450 was 0.463/h, and the cells reached the stationary phase after 6 h. However, glucose consumption continued far beyond this time (72 h), as shown in Fig. 3 . Exopolysaccharide production did not begin before the end of the logarithmic phase of growth. During the first 12 h of incubation, microscopic analyses of the culture showed that the polysaccharide was attached to the microbial cell as CPS. After that time, polysaccharide was also found in the extracellular fluid.
Influence of CPS production on cell surface hydrophobicity. To determine the effect of CPS on cell surface hydrophobicity, we studied threeA. salmonicida strains: an A' O+ strain (A450), the isogenic A-O+ strain (A450-3), and the A-0-strain derived from the A-strain (A450-1). In each case the presence or absence of two major surface-exposed compounds, A-protein and LPS 0-antigen polysaccharide chains was determined by enzyme-linked immunosorbent assay with monoclonal antibodies. The presence of CPS was monitored by optical microscopy.
The ability of the three isogenic strains to undergo autoagglutination in YPGS39 medium with or without added glucose is shown in Table 4 . All strains tested showed similar surface phenotype (SP' PAB+) when they were grown in presence of glucose.
When strain A450 was grown in YPGS39 medium without glucose, it developed a pronounced hydrophobic surface, YPGS39 medium was used for this experiment.
but A450-1 and A450-3 showed an intermediate hydrophobicity (Table 4) . When A. salmonicida strains were grown in YPGS medium, the hydrophobicity values decreased with time, being lowest at 48 to 72 h of incubation. Table 4 shows the hydrophobicity values after 72 h of incubation, when the amounts of capsule synthesized are the largest. In all A. salmonicida strains, cell surface hydrophobicity was inversely correlated to the amount of capsule production. DISCUSSION It has been reported that the production of EPS (27) and CPS (21) is a response to the nutrient composition of the growth medium. In our study, A. salmonicida EPS and CPS production was influenced by the growth conditions. We found that the initial concentration of available carbon and nitrogen, rather than the absolute C/N ratio, affected polymer production. In media with similar C/N ratios but different carbon and nitrogen concentrations, different Yp/s were obtained, as shown in Tables 2 and 3 . Similar effects have been reported for Zoogloea strain MP6 (24) and Butyrivibrio fibriosolvens (26) exopolysaccharide production. Table 1 ]), but the relative yields of EPS and CPS were strongly associated with the yeast extract concentration. Therefore, by altering the yeast extract concentration of the medium, it is possible to direct exopolysaccharide synthesis toward one product or another.
The kinetics of polysaccharide production byA. salmonicida A450 showed that EPS and CPS were produced at the end of the logarithmic phase of growth. This kinetic pattern could be significant because, in natural ecosystems, bacterial populations are influenced by changes in the microenvironment. Bacterial populations go through several periods of growth and nongrowth in response to these changes, with nongrowing bacteria using their resources for the production and release of exopolysaccharides (10) .
The importance of cell surface chemical and physical properties in bacterial interactions and pathogenicity is well known (4, 12, 23) . Production of CPS decreased the cell surface hydrophobicity of all A. salmonicida strains tested (Table 4 ). The production of capsule may mask the A-layer, effectively blocking the hydrophobic interactions of this protein layer. This masking effect has been reported by Trust et al. (22) for the increase in surface hydrophobicity shown by A' cells ofA. salmonicida, which was due to the physical masking by the A-layer of the hydrophilic LPS 0-antigen polysaccharide chains.
It has been reported that differences in adhesion between A. salmonicida strains are related to net electrical charges. Sakai (17) suggested that autoagglutinating A' A. salmonicida cells (whose net charges are negative) adhere to host tissue cells (whose net charges are positive) by surface charge interactions (18) . Since the presence of CPS increased the electronegativity of the cell surface (Table 4) , CPS production could enhance the autoagglutination and adhesiveness of A-A. salmonicida strains.
